SUMMARY The isolated and perfused kidney of tbe mature spontaneously hypertensive rat (SHR) exhibits an increased vascular reactivity and a delayed tachyphylaxis to 5-hydroxytryptamine, when compared to weight-matched normotensive animals. To evaluate the influence of the duration of the hypertensive state on these differences, the vascular reactivity to 5-hydroxytryptamine was determined in isolated kidneys from agematched normotensive and spontaneously hypertensive rats of 3.5, 6 and 12 months of age. Responses to increasing doses of 5-hydroxytryptamine were compared. At all ages the responses to the agonist were greater in the SHR than in the control rats. In the normotensire rats, the sensitivity to the monoamlne decreased, while the maximal response increased with aging. The vascular reactivity to increasing doses of 5-hydroxytryptamine was not altered by aging in the SHR. There was a significant correlation between the maximal vasoconstrictor response to 5-hydroxytryptamine in the isolated kidneys and the systolic arterial blood pressure (SBP) of the donor rats. Maximal constrictor responses to 5-hydroxytryptamine were repeated at given intervals. Tbe degree of tachyphylaxis was decreased in hypertensive rats compared with normotensive rats at 3.5, and 6 months of age. Tacnyphylaxis to 5-hydroxytryptamine was depressed by aging in both normotensive and hypertensive rats. By contrast, tachyphylaxis to angiotensin II (AH) was not effected by either age or hypertension. There was no cross-tachyphylaxls between 5-hydroxytryptamine and AH. Lowering the Ca l+ -concentration of the perfusate did not affect tachyphylaxis to either 5-hydroxytryptamine or AH. The present experiments indicate that the delayed tachyphylaxis to 5-hydroxytryptamine in the kidneys of SHR is due to a specific alteration of the vascular smooth muscle cells, which may be the consequence of premature aging. T HE ability of the renal blood vessels to constrict in response to 5-hydroxytryptamine is increased in mature spontaneously hypertensive rats (SHR).
T HE ability of the renal blood vessels to constrict in response to 5-hydroxytryptamine is increased in mature spontaneously hypertensive rats (SHR).
1 Tachyphylaxis to repeated exposure of the renal blood vessels to maximal doses of 5-hydroxytryptamine is significantly decreased in mature SHR when compared with normotensive Kyoto Wistar and Wistar rats of the same sex and weight. 1 The delayed tachyphylaxis to 5-hydroxytryptamine in SHR is not due to interference with adrenergic mechanisms and does not depend on endogenous 5-hydroxytryptamine. 1 The present experiments were performed to evaluate the effect of prolonged exposure to an increase in arterial blood CaCli concentration of the Tyrode solution was decreased to 1.8 X 10"* mM, in equimolar replacement with NaCl. The kidney was then isolated by cutting the aorta, renal vein, and ureter, and was placed in a chamber at 37°C. Renal vascular constrictor responses were recorded as increases in perfusion pressure, downstream from the pump while the flow was maintained constant at the optimal level; 1 "
8 the optimal flow rate and the perfusion pressure at that flow rate were not different in kidneys from agematched WKY and SHR. Drugs (5-hydroxytryptamine or All) were administered by bolus injection of constant volumes (0.02 ml) into the perfusion system close to the kidney. A minimum dosing cycle of 3 minutes was used; this time period was extended when necessary to obtain complete return to baseline perfusion pressure.
The sensitivity of the vascular smooth muscle cell to 5-hydroxytryptamine was evaluated by determining the dose that evoked 20% of the maximal response (ED M ), and the structural changes by alterations of the maximal response.
1 ' 4 The rate and degree of tachyphylaxis to repeated administration of 2 X 10~5£ 5-hydroxytryptamine or of 2 X 10"
6 g All were evaluated as the progressive decrease of the amplitude of the vascular responses expressed as percent of the response to the first dose; earlier work has shown that these concentrations of 5-hydroxytryptamine and All evoke maximal responses in the perfused rat kidney.
1 "* The experiments were conducted in parallel on preparations from normotensive and hypertensive rats. In the 12-month age group, the normotensive controls consisted of 50% WKY and 50% WIS rats; no significant differences were observed between the two strains. In the other age groups, only WKY served as normotensive controls. Except when otherwise stated, each experimental group consisted of six kidneys taken from different rats. Student's / test for unpaired observations was used throughout the study to evaluate differences between means; p values smaller than 0.05 were considered to be statistically significant. Only significant differences will be discussed.
Results

Vascular Reactivity to 5-Hydroxytryptamlne
Responses to increasing doses of 5-hydroxytryptamine were larger in the isolated perfused kidney of SH R of all age groups compared with those of agematched normotensive controls ( fig. 1 ). The ED M and ED M were lower in kidneys of 6-and 12-month-old SHR compared with age-matched normotensive rats (table 1). The ED* and ED M were not altered by age in hypertensive animals from 3.5 up to 12 months of age. In normotensive rats, the sensitivity to 5-hydroxytryptamine was higher in the youngest group. The amplitude of the maximal response to 5-hydroxytryptamine (table 1) was not influenced by aging in hypertensive rats from 3.5 up to 12 months of age and was not correlated with systolic blood pressure (SBP). In normotensive rats, the amplitude of the maximal response increased with aging and was .LOGg 5HYDROXYTRYPTAMINE 
Tachyphylaxis to Repeated Dosing of 5-Hydroxytryptamine
The amplitude and duration of the vascular responses to repeated administration of 2 X 10~B g 5-hydroxytryptaminc, with a dosing cycle of 6 minutes, progressively decreased in both normotensive and hypertensive rats. At 3.5, and 6, but not at 12, months of age, the tachyphylaxis to 5-hydroxytryptamine was less pronounced in kidneys from SHR than in those of age-matched control animals. The depression of the vascular response with repeated administration of high doses of 5-hydroxytryptamine was lower in the eldest group of both normotensive and hypertensive rats compared with younger animals ( fig. 3) . Tachyphylaxis to Repeated Dosing of Angiotensin II Angiotensin II (2 X 10~* g) caused comparable vasoconstrictor responses in the isolated kidneys of 4-month and 13-to 14-month-old WKY rats (83 ± 9 and 95 ± 6 mm Hg respectively). It caused a larger response in the 4-month-old than in the 13-14-monthold SHR (139 ± 9 and 116 ± 8 mm Hg respectively). At 4 months of age, the response to All was greater in kidneys from SHR than in those from WKY. The amplitude of the vascular responses to All decreased abruptly when the administration of the peptide was repeated after 6 minutes; on repeated administration, with a dosing cycle of 6 minutes, no significant further changes were noted. There were no differences between age groups or between normotensive and hypertensive rats as regards tachyphylaxis to All (fig. 4) .
Cross-Tachyphylaxls Experiments
The response to All in kidneys of 4-month-old hypertensive rats was similar before and after induction of maximal tachyphylaxis to 5-hydroxytryptamine; kidneys of 5-month-old SHR made tachyphylactic to All did not exhibit a decreased response to 5-hydroxytryptamine ( fig. 5) . Similar results were obtained in 13-14-month-old SHR, and in both 4-and 13-14-month-old normotensive rats (table 2) .
Calcium Concentration and Tachyphylaxis
The effect of low Ca 1+ was investigated in kidneys taken from 5-month-old SHR; the two kidneys of the same rats were perfused simultaneously with either control solution or low Ca* + solution. The vasoconstrictor response to nerve stimulation was significantly lower in low Ca I+ than in control solution (18 ± 2 and 180 ± 16 mm Hg respectively), as was that to All Data shown are mean ± SEM for the experiments illustrated in figure 1.
•Significantly different from 6 and 12 months of age (p < 0.05).
{Significantly different from normotensive rats (p < 0.05).
(56 ± 7 and 136 ± 15 mm Hg respectively). By contrast, the response to 5-hydroxytryptamine was comparable in both Ca 1+ concentrations (220 ± 10 and 230 ± 16 mm Hg). The time course of the tachyphylaxis to both 5-hydroxytryptamine and All was not significantly affected by decreasing the Ca a+ concentration ( fig. 6 ).
Discussion
Increased reactivity of the vascular system to vasoconstrictor influences may contribute to the initiation or maintenance of hypertension.' In mature SHR, the vascular reactivity to exogenous norepinephrine, All, and barium chloride is increased, but the degree of increase is more pronounced for 5-hydroxytryptamine.' 14i * Reactivity of the vascular 
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system is influenced by age, as shown in normotensive animals for the alpha-and beta-adrenergic effects of catecholamines, for cyclic nucleotides, phosphodiesterase-inhibitors, potassium-chloride, and 5-hydroxytryptamine.
7 " 10 Our present study investigated the effect of aging on the hyperreactivity of the SHR kidney to 5-hydroxytryptamine, using standard techniques.
1 ' It demonstrates that the vascularreactivity to both low and high doses of 5-hydroxytryptamine is increased in kidneys from SHR as compared with age-matched normotensive rats. This pattern of vascular hyperreactivity can be explained by a combination of morphological and functional mechanisms contributing to the increased vascular responses. 4 ll~1 * Sensitivity to 5-hydroxytryptamine decreases from 3.5 to 6 months of age in normotensive rats, while the amplitude of the maximal response increases from 3.5 to 12 months of age. This increase is correlated with a small but significant rise in SPB. These data suggest that the age-dependent depression of the vascular sensitivity to this vasoconstrictor agonist does not compensate for the structural changes of the vasculature secondary to the small increase in BP with aging. In hypertensive animals, no change in vascular reactivity to 5-hydroxytryptamine was seen between the different age groups. The progressive depression of the vascular response to repeated injections of high doses of 5-hydroxytryptamine was less pronounced in hypertensive rats compared with age-matched normoten- sive control animals of 3.5 and 6 months of age; in the latter age group, a similar difference had already been reported. 1 Changes in the rate of tachyphylaxis to 5-hydroxytryptamine contrast with the absence of age dependency or pressure dependency in rate changes of tachyphylaxis to AIL Other investigators have shown that the handling of Ca J+ by vascular smooth muscle is altered in the SHR.
14 The present experiments demonstrate that, unlike the constrictor responses to adrenergic nerve stimulation and All, constrictor responses to maximal doses of 5-hydroxytryptamine are not altered by lowering the concentration of the activator ion in the perfusion solution. This finding indicates that activation of the renal vascular smooth muscle cells by the monoamine relies more on an increase in cellular mobilization than on an influx of extracellular C a a+ 14-IT However, the absence of alteration of the rate of tachyphylaxis to both 5-hydroxytryptamine and All by lowering the Ca a+ concentration indicates that the origin of the activator ion is not crucial in determining the phenomenon of tachyphylaxis. The present study demonstrates that no crosstachyphylaxis occurs between All and 5-hydroxytryptamine; likewise, earlier work has shown that no cross-tachyphylaxis occurs in the SHR kidney between 5-hydroxytryptamine and catecholamines." Thus, it is logical to conclude that the tachyphylaxis to 5-hydroxytryptamine must be due to a specific desensitization of the serotoninergic receptor of the renal vascular smooth muscle cells, and that the difference in the tachyphylaxis to the monoamine between hypertensive and normotensive rats depends on an essential alteration in receptor-agonist interaction. An alternative explanation would be a change in the disposition mechanisms of the monoamine, as occurs for the disposition of norepinephrine. 1 ' 1Si lf However, earlier work indicates that uptake by adrenergic nerves or endogenous storage of the monoamine is not involved.
2
Our present study demonstrates that alterations in the rate of development of tachyphylaxis and increased reactivity to 5-hydroxytryptamine represent a specific alteration of vascular smooth muscle of the SHR. Since qualitatively similar changes also occur in older normotensive animals, it can be speculated that the decreased tachyphylaxis to the monoamine observed in the young SHR may be due to premature functional aging of the kidney vasculature, chronically exposed to a high BP. Although earlier evidence did not support the view that alterations in sensitivity to 5-hydroxytryptamine play a direct role in the maintenance of the high BP in the SHR, 1 ' M more recent work demonstrates that doses of a selective 5-HTj serotonergic antagonist, which do not affect adrenergic responsiveness in the SHR, decrease arterial blood pressure more than in normotensive control rats. 81 Taken in conjunction with the present and earlier 1 demonstration of increased renal vasoconstrictor reactions and delayed tachyphylaxis to 5-hydroxytryptamine, and in particular with the positive correlation between SBP and vascular responsiveness to the monoamine, these observations prompt the suggestion that in the intact SHR increased or normal levels of 5-hydroxytryptamine in the vicinity of the vascular smooth muscle cells may contribute to the etiology of the hypertensive process. 
